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ABSTRACT 

These studies are based on the material collected by Israeli cruises in the eastern Mediterranean 
and the Red Sea (Gulf of Elat), and by Scripps Institution of Oceanography Expeditions in the 
Caribbean and the Pacific regions adjacent to the Panama Canal. Published information on the 
distribution of siphonophores in those areas and in adjacent regions is included. Distributional 
tables and maps are also included. 

The eastern Mediterranean collections encompam 21 species of siphonophores. Most of these 
species have been previously recorded in the western Mediterranean. Eudoxia russelli (eudoxid 
of Chelophyes appendiculata), Sulculeolaria angusta, and S. chuni have not been previously 
observed in any Mediterranean region. New records for the eastern Mediterrranean are: Ch. 
contorta, Diphyes bojani, D. dispar, Lensia campanella, L. meteori, L. subtilis, S .  quadriualuis, 
S .  turgida, Rosacea plicata, Physophom hydrostatica, and Apolemia uuaria. Few species previously 
observed in the Mediterranean w re not present in the collections here analyzed. 

Fifteen species of siphonophores appeared in the material from the Gulf of Elat. New records 
for the Red Sea are Ch.  appendiculata, E. russelli, Diphyopsis mitra. The other species 
present (Ch.  contorta, Diphyes dispar,  L .  subtilis, S .  chuni, S .  quadriualuis, Abylopsis 
eschscholtzi, A .  tetragona, Enneagonum hyalinum, Cordagalma cordiformis, Agalma 
elegans, and A .  okeni) have been previously observed in the Red Sea. 

New records at both sides of the Suez Canal which could be considered indicative of 
migration along this waterway are: Ch. a9pendiculata (Mediterranean to the Red Sea), and 
S. chuni (Red Sea to the Mediterranean). However, the species are cosmopolitan in distribution, 
and the source of the populations in the regions adjacent to the Suez Canal may be in the 
adjacent oceanic regions. 

Thirty species of siphonophores were observed in the Caribbean and Pacific regions adjacent 
to the Panama Canal. Mwt of the species are new records for those regions. Twenty one more 
species, not present in the collections here analyzed, had been previously recorded at either or in 
both the Caribbean, Gulf of Mexico and/or in regions of the Pacific adjacent to the area surveyed. 

Particular attention is devoted to the distribution of closely related pairs of allopatric species, 
Muggiaea atlantica-M. kochi, and Ch. appendicuhh-Ch. contorta. Muggiaea kochi (neritic sper;es) 
and Ch. appendiculata inhabit the Caribbean, Gulf of Mexico and adjacent regions of the 
western tropical Atlantic. Muggiaea atlantica (neritic species) and Ch. contorta inhabit the 
Pacific regions off Mexico and Central America. However, few specimens of Ch. contorta 
and M. atlantica were also observed in the Caribbean at locations near the opening of the Panama 
Canal, and specimens of Ch. appendicuhta and M. kochi occurred at locations in the Pacific close 
to the Panama Canal. This distributional incidence may suggest that migration or artificial 
transport is taking place via the Panama Canal. It is also indicated that few specimens of 
L. challengeri (Indo-Pacific species) were observed near the opening of the Panama Canal in 
the Caribbean. 

New data have been published on the siphono- 
phores of the regions adjacent to the Suez Canal 
(eastern Mediterranean and the Red Sea), as well 
as for the regions adjacent to the Panama Canal 
(western Caribbean and the Central American 
Pacific). Bigelow and Sears (1937) included data 
on the distribution of the siphonophores in the 
eastern Mediterranean, and Lakkis (1971) on the 
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Lebanese region. Schneider (1898), Totton (1954), 
and Halim (1969) presented information on the 
siphonophores of the Red Sea. Bigelow (1911) 
analyzed the siphonophores of the eastern tropical 
Pacific, which included few locations in the 
regions here surveyed; Alvariiio (1968, 1972) 
studied the siphonophores of the tropico-equa- 
torial oceanic regions, and Alvariiio (1971) 
covered the Central American Pacific including 
also a compilation of distributional data for the 
world oceans. 
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Owing to the above mentioned biogeographic 
considerations, particular emphasis in the dis- 
tribution of the species should be dedicated to 
the pairs of closely related species allopatric 
in distribution. The pairs to be considered corres- 
pond to the Panamanian region: Chelophyes 
uppendiculutu-Ch. contortu (respectively related 
to cold-temperate, and warm waters), Muggiaeu 
utlunticu-M. kochi (inhabiting respectively the 
neritic temperate and neritic warm waters), and 
Lensiu challengeri-L. fowleri (respectively Indo- 
Pacific and Atlantic species). 

The evidence of a two way migration “via” the 
Panama Canal, as shown by the distribution pre- 
sented by several species at the regions adjacent 
to the entrance to the Panama Canal, could be 
active, by progression of the population along the 
waterway, or passively transported in the ballast 
waters or the waters used in the cooling system 
of ships. Therefore, migrations could be also 
greatly intensified or enhanced by passive 
transport along the canal. 

The present work constitutes a more detailed 
survey on the siphonophores of the regions ad- 
jacent to the above mentioned interoceanic canals. 
These studies are based on the Siphonophorae 
material (65 plankton samples) collected by Israel 
in the eastern Mediterranean during 1967, 1968, 
1969, and 18 plankton samples (Red Sea, 1969, 
1970) corresponding to two locations in the Gulf 
of Elat; and the 64 plankton samples from Scripps 
Institution of Oceanography Expeditions (La 
Creuse 1962, Bonacca 1963, Thomas Wushing- 
ton 1969) in the Caribbean and Pacific regions 
adjacent to the Panama Canal. The Scripps 
Institution collections covered larger regions than 
the area in which the present studies are con- 
centrated, and the total collections of the 
mentioned expeditions have been analyzed and 
the results included in Alvariiio (1968, 1971, 
1972). 

The present studies chiefly concern with the 
distribution and some ecological aspects of the 
siphonophores. The subject is treated under two 
parts: 1) distribution of siphonophores in the 
eastern Mediterranean and the Red Sea, and 
2) the siphonophores of the western part of the 
Caribbean and the Central American Pacific. 

The pattern of distribution of the species is 
presented. Tables with the distribution of the 
species include also references on previous records 
for the regions. 

Maximum density for most of the species off 
Israel and .around Cyprus can be attributed to 
the high productivity of the region (Lakkis, 
1971). 

The present study also indicates the Red Sea 
includes fewer species than the Indian Ocean. 
This factor may be related to the high salinity 
and temperature of the Red Sea, as well as to 
the shallowness of the sill a t  Bab el Mandeb. 

The incidence of both polygastric and eudoxid 
forms in most of the samples shows breeding 
is taking place in those regions, and that repro- 
duction may be an uninterrupted process along 
the year. 

A large number of species of siphonophores are 
truly cosmopolitan, inhabiting the Arctic, Antarc- 
tic, Indian, Pacific, and Atlantic Oceans, whereas 
other species inhabit only the Atlantic, Pacific, 
and Indian Oceans (Alvarifio, 1971), and some 
others are restricted to the Indian Ocean, adjacent 
waters and the southeastern Asiatic regions, 
while few are restricted to either the Atlantic 
or the Indo-Pacific regions. 
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METHODS 

The plankton samples here analyzed were not 
collected in uniform manner. The plankton 
collections from the eastern Mediterranean and 
the Gulf of Elat were obtained with a standard 
plankton net of the Villefranche type, as designed 
and described by Working Party No. 2 (1968). 
The net has a mouth internal diameter of 57 cm, 
a total length of 261 cm, and 200-p mesh. Vertical, 
oblique, and horizontal tows were taken. The 
vertical and oblique hauls in the eastern Mediter- 
ranean and the Gulf of Elat reached from 200 m 
to the surface, and the horizontal tows were 
obtained at  various depths in the upper 200 m at  
a speed of 2-3 knots during 10 min. 

The material from the Scripps Institution col- 
lections corresponds to 1-m net oblique hauls 
taken from about 140 m to the surface, and at 
less than 100 m or less than 50 m in shallow 
waters; and the Yz-m net oblique tows were 
obtained from about 150 m to the surface and the 
horizontal hauls a t  various depths between 50 
and 0 m. 

Each total plankton sample was analyzed for 
siphonophores, and the number of specimens 
determined for both polygastric and eudoxid 
forms. However, owing to the diversity of the 
collecting methods used, and the time span 
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covered by the collections, quantitative data are 
not considered, and only qualitative data are 
included in the presentation of the results. 

DISTRIBUTION OF 
SIPHONOPHORES IN THE 

EASTERN MEDITERRANEAN 
AND THE RED SEA 

Twenty-one species of siphonophores were 
observed in the eastern Mediterranean collec- 
tions, and fifteen species in the Gulf of Elat (Red 
Sea) collections. 

Eudoxia russelli (eudoxid of Ch.  Jppendicu- 
lata),  Sulculeolaria angusta, and S. chuni are 
new records for the Mediterranean. 

Chelophyes contorta, Diphyes bojani,  D .  
d i spar ,  Lensia campanel la ,  L .  meteori, L .  
subt i l is ,  Sulculeolaria quadrivalvis,  S .  tur- 
g ida ,  Rosacea pl icata,  and Apolemia uvaria 
are first records for the eastern Mediterranean. 
These species have been previously observed in 
the western Mediterranean. The only previous 
records of Ch.  contorta for the Mediterranean 
correspond to the Alboran Sea (Alvariiio, 1957). 
Therefore, the presence of the species in the 
Levant Mediterranean basin could be considered 
a tracer of Atlantic waters. All the Mediter- 
ranean species are also found in the Atlantic. 
Some of the species have permanently established 
populations in the Mediterranean, while others 
may be only remains of the Atlantic flow. 

Most of the species previously found in the 
eastern Mediterranean (Bigelow and Sears, 1937; 
Lakkis, 1971) were also observed in the collec- 
tions here analyzed. 

Some species previously found in the western 
Mediterranean (M. atlantica, L. fowleri, Clau- 
sophyes ovata,  Ceratocymba sagi t tata,  
Vogtia pentacantha, V .  spinosa, Praya cymbi- 
formis ,  Amphicaryon acaule,  Anthophysa 
rosea, Rhizophysa  fi l iformis,  Cordagalma 
cordiformis, Athoribya rosacea, and Nanomia 
cara) have not been observed in the eastern 
Mediterranean (Alvariiio, 1971; Lakkis, 1971) 
(Table 1). 

The most abundant species in both distribu- 
tional coverage of the surveyed region and in 
number of species, C h .  appendiculata,  D. 
d i spar ,  Hippopodius hippopus, Bass ia  bas- 
sensis were found along the years, and in  

December appeared scattered or absent (Figures 
1 ,  2, 6, 8). Eudoxoides spiral is ,  S .  turgida,  
S .  quadr iva lv i s ,  and S. angusta followed in 
decreasing order of abundance in both space 
covered and number of individuals (Figures 3,5).  
These species appeared abundantly off Israel, 
Lebanon, Syria and around Cyprus. Sulculeolaria 
angusta and S .  turgida were also found in the 
Cretan region. 

Species with few scattered records are, E .  
russelli (north of Cyprus), Ch. contorta (off Israel 
and between Syria and Cyprus), D .  bojani, M .  
kochi, L .  campanella, L.  multicristata, L .  subtilis, 
S .  chuni, A .  tetragona, R .  plicata, A .  uvaria, 
Agalma elegans, and Physophora hydrostatzca 
(spread along the Levant basin). (Figures 1-8.) 

It is worthy of notice that the maximum density 
for most of the species of siphonophores appeared 
a t  the easternmost part of the Mediterranean 
Sea, off Israel and around Cyprus, which can be 
attributed to  the high productivity of the region 
(Lakkis, 1971). 

The species scattered along the eastern Mediter- 
ranean, not previously observed in this sea, could 
be considered tracers of Atlantic waters (Oren, 
1971). 

The presence of L .  multicristata (a meso- 
planktonic species) off Tira, Israel, could be an 
indicator of upwelling. 

IC is well established that the fauna of the 
eastern Mediterranean is an impoverished fauna 
from that of the western basin. Many species 
do not reach the Levant Mediterranean basin, 
and only appear accidentally there, and few be- 
come established in the area. Por (1971) con- 
sidered that “The colder areas of the Aegean Sea 
probably constitute an environment in which the 
Atlantic fauna is much better represented and 
better fitted to withstand the competition of the 
tropic immigrants.” 

Siphonophorae fauna of the Red Sea is poorer 
than that of the Indian Ocean, both in number 
of species and in the density of the respective 
populations. The Gulf of Elat may also include 
fewer species than the main Red Sea basin. The 
Gulf of Elat collections correspond to the winter 
months. Some of the species observed in the Gulf 
of Elat constitute new records for the Red Sea 
(Ch. appendiculata, E. russelli, and Diphyop- 
sis mitra). Por (1971) stated that siphonophores 
and other holoplanktonic groups have not been 
found in the Suez Canal waters. 
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Ch. appendiculata a A,B 
30.  30. 

FIGURE 1.-Distribution of Chelophyes appendiculata, Eudoxia russelli,  and Chelophyes 
contokta in the regions adjacent to the Suez Canal. 

FIGURE 2.-Distribution of Diphyes bojani, Diphyes dispar,  and Diphyopsis mitra in the 
regions adjacent to the Suez Canal. 
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L C  

FIGURE 3.-Distribution of Muggiaea kochi. Eudoxoides spiralis,  and Lensia campanella 
in the regions adjacent to the Suez Canal. 

FIGURS 4.-Distribution of Lensia meteori, Lensia multicristata, Lensia subtilis, and Lensia 
subtiloides in the regions adjacent to the Suez Canal. 
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FXGU~~E S.-Distribution of Sulcubluria angusta, Sulculeoloria chuni, Su~uleoloria qcradrivd- 
vis, and Sulculeoluria turgida in the regions adjacent to the Suez Canal. 

FIGURE 6.-Distribution of Abylopsis eschscholtzi, Abylopsis tetragona, Bassia bassensis, 
and Enneagonum hyalinum in the regions adjacent to the Suez Canal. 
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C. cordiformis 

FIGURE 7.-Distribution of Rosacea plicata, Apolemia uvaria, Cordagalmn cordiformis, and 
Athoribya rosacea in the regions acfjacent to the Suez Canal. 

FIGURE 8.-Distribution of Hippopodius hippopus, Agalma elegans, Agalma okeni, and 
Physophom hydrostatica in the regions adjacent to the Suez Canal. 
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sidered “indicators” or tracers of the Atlantic 
waters. This could be similarly applied to some 
Indo-Pacific or Indian Ocean species reaching 
the Red Sea. 

Other new records for the Gulf of Elat are 
Diphyes dispar, L .  subtilis, L .  subtiloides, S .  chuni, 
S .  quadrivalvis, A .  eschscholtzi, A .  tetragonu, E .  
hyalinum, C .  cordiformis, A .  rosacea, A .  elegans, 
and A.  okeni. These species, except Ch. contorta, 
were only previously observed in either the 
central and the southern Red Sea or both (Figures 
1,2,4-8). Ch. contorta was previously observed in 
the Gulf of Elat (Furnestin, 1958). 

The depth of the sill a t  Bab el Mandeb does not 
exceed 100 m (Halim, 1969) and consequently 
meso and bathypelagic species are extensively 
excluded from the Red Sea. Halim considered 
the scarcity of species in the Red Sea as due 
to the “excluding action of the deep outflow over 
the sill at the southern entrance of the Red Sea 
on the deep water species; and . . . the effect 
of the high (21.5”-22”C) minimum tempera- 
ture of the Red Sea deep water in inhibiting 
many species. . . .” He also considers excluding 
features the “high salinity (4O.5-41.O0/oo) and the 
very low oxygen content (below 1 mU1 in summer 
and 2 mlll a t  the end of the winter) below 
sill depth.” 

Similar interpretation could be applied for the 
paucity of the Mediterranean siphonophores as 
compared with the Atlantic, because of the sill at 
Gibraltar. 

Thorson (1971) stated that  “the physical- 
chemical conditions for the animals to pass the 
Canal have improved enormously although 
there are still obstacles for the migration of many 
species.” 

Seasonal variations in occurrence, abundance 
and in the distributional pattern presented by the 
species of siphonophores in both the Levant 
Mediterranean basin and the Gulf of Elat are to  
be expected. The various populations may show 
changes in both location and time of year. These 
changes may be due to the characteristics of the 
flow through the Strait of Gibraltar, and Bab el 
Mandeb respectively, and the characteristics of 
the circulation in the Mediterranean and the 
Arabian Sea, as well as the aspects of the vertical 
migration (Halim, 1969), and the ontogeny of the 
population. 

Most of the siphonophores, except for a few 
species as  explained above, present a wide 
almost cosmopolitan distribution (Alvariiio, 
1971). However, species abundant in the western 
Mediterranean and the Atlantic reaching the 
easternmost Mediterranean region could be con- 

SIPHONOPHORES OF 
THE WESTERN CARIBBEAN AND 

THE CENTRAL AMERICAN PACIFIC 
The pairs of closely related species allopatric in 

distribution, Ch.  appendiculata-Ch. contorta, 
M .  at lant ica-M. kochi, and L .  challengeri-  
L. fowleri deserve special attention. 

Chelophyes appendiculata inhabits the 
temperate oceanic regions, and appears scattered 
along the tropico-equatorial realm, while Ch. 
contorta presents a distribution restricted to 
the tropico-equatorial regions (Alvariiio, 1971). 

Muggiaea atlantica inhabits the neritic tem- 
perate eastern Pacific, Transition region (band 
between the Subarctic and Central Pacific), 
the Japanese neritic waters and the neritic 
regions of the temperate Atlantic. Muggiaea 
kochi occupies the neritic tropico-equatorial 
Atlantic and the eastern equatorial Pacific (Al- 
vando, 1971). 

Lensia challengeri is an Indo-Pacific species, 
and L .  fowleri is most probably restricted to the 
Atlantic waters (Alvariiio, 1971). 

However, Ch.  appendiculata, M.  kochi, and 
L .  fowleri appear widely distributed in the Carib- 
bean region annex to the Panama Canal and in 
adjacent regions of the Caribbean, Gulf of Mexico, 
and western tropical Atlantic. C h .  contorta, 
M .  atlantica, and L .  challengeri appear in the 
Central American Pacific region. Few specimens 
of C h .  appendiculata and M .  kochi were 
observed at  locations near the opening of the 
Panama Canal in the Pacific, and few specimens 
of C h .  contorta,  M .  at lant ica,  and L .  chal- 
lengeri occurred at  locations near the opening 
of the Panama Canal in the Caribbean. These 
observations suggest the Caribbean and the 
Pacific populations may be able to  migrate or 
survive artificial transport via the Panama Canal 
(Figures 9-11, Table 2). 

The species of siphonophores appearing abun- 
dantly distributed in the surveyed region in both 
the Caribbean and the Central American Pacific 
are Diphyes bojani, D .  dispar, Diphyopsis mitra, 
and A.  eschscholtzi. Diphyes bojani occurred at  
all Caribbean stations, except for the close to 
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Ch. appendiculato 

6' 

FIGUIUI %-Distribution of Chelophyes appendiculafa and Chelophyes conforfa in the regions 
aaacent to the Panama Canal. 

I I I 1 1 I I 
04- 01' m- I P  

FIGURE 10.-Distribution of Muggiaea atlantica and Muggiaea kochi in the regions adjacent 
to the Panama Canal. 
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I I I I 1 I 
04- el. re- 75. 

FIGUBE 11.-Distribution of Lensia challengeri and Lensia fowleri in the regions adjacent 
to the Panama Canal. 

shore locations off Huani, Nicaragua, off Puerto 
Colombia and Cartagena de Indias, and east to 
the entrance of the Panama Canal. In the Pacific 
region it was only missing at the northernmost 
station in the Gulf of Panama, south of Peninsula 
de Azuero, south of Coiba Island, off Gulf of 
Nicoya, and off Punta Arenas and Punta Guiones 
(Costa Rica) (Figure 12). 

Diphyes dispar and Diphyopsis m i t ra  
appeared abundantly distributed in the Pacific 
region, and only in two locations in the Carib- 
bean. Diphyes dispar was present o f f  Colombia 
and off Laguna Perlas (Nicaragua), and Diphyop- 
sis mitra at two locations a few miles north 
of Panama (Figures 12, 13). 

Abylopsis eschscholtzi was only absent at a 
few stations in the Caribbean and in the Central 
American Pacific (Figure 14). 

Species scattered distributed in both the Carib- 
bean and the Pacific regions were Eudoxoides 
spiralis, A. tetragona, S .  chuni, A. okeni, and 
E. hyalinum. Eudoxides spiralis was present only 
at  five Caribbean locations, which include two 
stations off Nicaragua and three off the entrance 
to the Panama Canal, and in the Pacific appeared 
at  two stations southeast of Peninsula de Azuero 
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and at two offshore stations west of Costa Rica 
(Figure 13). 

Abylopsis tetragona appeared off Colombia 
and near the entrance of the Panama Canal in 
the Caribbean, and south of the Azuero Peninsula, 
south of Coiba Island, west of Nicoya Peninsula, 
and at  one offshore station west of Costa Rica in 
the Pacific (Figure 14). 

Sulculeolaria chuni was observed at three 
locations over the deepest part of the western 
Caribbean, and in the Gulf of Panama, south of 
Nicoya Peninsula, and at two offshore stations 
west of Costa Rica in the Pacific (Figure 16). 

Agalma okeni was found once in the Caribbean 
region (off Costa de Mosquitos, Nicaragua), and 
in the Pacific regions appeared from the Azuero 
Peninsula to Coiba Island, south of Costa Rica 
and west of Nicoya Peninsula (Figure 19). 

Enneagonum hyalinum was only observed at 
the western Caribbean, and at  several locations in 
the Pacific extending northwestwards from Coiba 
Island (Figure 17). 

Species scattered distributed in the surveyed 
region of the Central American Pacific were, S. 
quadrivalvis, S. turgida, B. bassensis, and H .  
hippopus (Figures 16-18). 



ALVARINO: DISTRIBUTION OF SIPHONOPHORES 

I I 1 1 I 
ot- To- 7Y 84. 

FIGURE 12.-Distribution of Diphyes bojani and Diphyes dispar in  the regions adjacent to 
the Panama Canal. 

I I I I I I 
04. 01- 70. 7s- 

FIGURE 13.-Distribution of Diphyopsis mitra and Eudaroides spiralis in the regions aGacent 
to the Panama Canal. 
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FIGURE lrl.-Distribution of Abylopew eeehscholtzi and Abylopeis tetragona in the regions 
adacent to the Panama Canal. 

I I 1 1 I 7s- I 
04. 81. To- 

FIG- 16.-Distribution of Lcnsia cassaek, knsia hotspur, and Lens& subtilis in the regions 
adjacent to the Panama Canal. 
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FIQUBE 16.-Di&ribution of Suktcleolaria chuni. Sukulaolwia monoica, SI&* quodri- 
valvis, and Sulcukokwiu turgida in the mgions dacent to the Panama Canal. 

FIQURE 17.-Distribution of Abyla haechli ,  Abyla schmidti, Bcresia basseneis. Ceratoeymba 
dentuta, and Enneagonum hyalinum in the regions d a c e n t  to the Panama Canai. 
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1”’ 

1 I I 1 1 1 1 
84. 81. n* n* 

FIGUIU 18.-Dietribution of Hippopodius hippopus, Athoribya rosacea, and Amphicaryon 
acaulc in the regions adjacent to the Panama Canal. 

I I 1 1 1 1 I 
84. 61. n* 75. 

FIGUIU 19.-Distribution of Agalma okeni, Stephunomia bijuga, and Melophysa melo in the 
&OM adjacent to the Panama Canal. 
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TABLE l.--Siphonophores of t h e  regions adjacent to the Suez Canal. 

Species 
Eastern 

Mediterranean Red Sea Species 

Chelophyes appendiculata 
Eschschollz, 1829 

Eudoxia russelli 
Tolton. 1932 

. .. 
32"20'N-34'51 'E 
3Z045'N-W57'E 
33"03'N-W55'E 
35'05'N-35"00'E 
33"00'N-35'00'E 
3Z055'N-34"34'E 
35'35"-35'26'E 
34'50'N-W55'E 
35"55'N-W37'E 
36'30'N-Z8"13'E 
36'31 'N-2P27'E 
35'14'N-26"33'E 
33'25'N-W20'E 
33'10'N-WSO'E 
31'31 'N-34'28'E 
312YN-3497'E 
34"37"-3120'E 
3TWN-33Yl 'E  
3lo42'N-34'28'E 
3Y46"-34"53'E 
32%0'N-W50'E 
33"25"-33"14'€ 
32'01 'N-33'25'E 
33'25'N-25"15'E 
34Y7'N-25"10 E 
35'1 1 'N-2115'E 
35"35'N-21 'SO'E 
35"57'N-Z15'E 
34"10'N-34?9'E 
35'57'N-32'23'E 
34'35'N-W35'E 
35"05'N-34"38'E 
35*50'N-3lo15'E 
3M3'N-34'36'E 
3T10"-32'50'E 
32"07'N-33'24'E 
31"42"-33°00'E 
35'55"-2893'E 

35'57'N-32"23'E 

Chelophyes contorta 
(Lens 6 Riemsdijk. 

1-1 

Diphps  bojani 
(Eschscholtz, 1829) 

Diphyes chamissonis 
Huxley. 1859 

Diphyes dispar 
Chamisso 6 
Eysenhardt. 1821 

3145"-34'57'E 
35'05'N-35"W'E 
3123'N-W37'E 
3230"-34'51 'E 
3231 'N-33'25'E 
3143"-34'36'E 

3691 'N-27'27'E 
33"25'N-W20'E 

34'50'N-32'47'E 
35'05'N-35'00'E 
3FOON-35'0OE 
3P46'N-34"53'E 
32'55"-34"34'E 
35"35"-35'26'E 
35'05'N-W05'E 
34'50'N-Z8"55'E 
35'55'N-Z8"37'E 
36"30'N28'13'E 
3631 'N-2727'E 
35'1 4"-26'33'E 
33'25'N-30'20'E 
31"31'N-34"28'E 
32"23"-34"37'E 
34'37'N-32"20'E 
3T30'N-33"21 'E 
31'42'N-W26'E 

Gulf of Elat: 
29"30'N-34"55'E 
29"25'N-34"50'E 

Gulf of Elat: 
29'WN-34'55'E 
29'25'N-34"50 E 
*+ 
Gulf of Elat: 
29'25'N-W50'E 

+ 

+ 
Gulf of Elat: 
29'3O'N-34'55'E 

(Diphyes dispar) 

Diphyopsis mitra 
Huxley. 1859 

Muggiaea atlantica 
Cunningham. 1892 

Muggiaea kochi 
Will, 1844 

Eudoxoides spiraiis 
Bigelow, 1911 

Clausophyes ovata 

Sphaeronectes spp. 
Lensia campanella 

Keferstein & Ehlers. 1861 

Moser. 1925 

Lensia conoidea 
Keferstein 6 Ehlers. 1861 

Lensia lowleri Bigelow. 1911 
Lensia hotspur Tonon, 1954 
Lensia meteori Leloup. 1934 

Lensia multicristata 

Lensia subtilis Chun. 1886 
Moser, 1925 

Lensia subtiloides 
Lens & Riemsdijk. 1908 

Totton, 1954 
Sulculeolaria angusta 

Sulculeolaria biloba 
Ssrs. 1846 

Eastern 
Mediterranean Red Sea 

3925'N-33'14'E 
32'01 'N-33"25'E 
34"47'N-25'1 O'E 
35"35'N-2lo50'E 
35'57'N-2115'E 
3T20'N-34'51 'E 
31'37'N-34'32'E 
31°44'N-34'26'E 
3P45'N-34'4StE 
3150'N-34%0'E 
35?57"3T23'E 
34'35"-33'35'E 
3535'N-3438'E 
33'50'N-31e15'E 
3T43'N-34"38'E 
3T1 O'N-32"WE 
32"07"-33'24'E 
35'00'N-35"00'E 
35"55"-28"33'E 

Gulf of Elat: 
2930'N-34'55'E . .. + . .. 

33'03'N-34'55'E . .. 
XYOSN-WWE 
31'31 'N-34'28'E 
34'37'N-WWE 
3T5ON-34'51 'E 
3aC35'N-21P40E 
34'1 ON-34'29'E 
35'57"-3T23'E 
34'35"-3395'E 
35'05'N-34"38'E 
W50'N-3l015'E 
3443'N-W40'E 
3TlON-3150'E 
32"07'N-W24'E 
31"42"-33'00E 

. .. 
3143"-34"38'E 
3 1  10"-WSO'E 
3107'N-3327'E . .. 

+ 
+ 
+ 

34*35"-33'35'E 
33'5ON-31'15'E 

3T45'N-34'49'E 

34"35'N-Z9'40'E Gulf of Elat: 
3T1 O'N-315OE 29"30'N-34'55'E 
32"07"-33'24'E 29'25'N-34'50'E 

. .. 
+ 

. .. + 
Gulf of Elat: 
29"30'N-34'55'E 

35'05'N-35"00'E 
32'55"-34'34'E 
3ZC46'N-34'53'E 
37'17'N-22"47'E 
357 l'N-ZZ"15'E 
34"35'N-29'40'E 
32"07'N-33"24'E 
35"00'N-35"00'E . .. 

+ 
+ 
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 TAB^ l.-Continued. 

Eaatern Eastern 
Red Sea RedSea Species Mediterranean Species Mediterranean 

Sulculeolaria chuni 
Lens 6 Riernsdijk. 1908 

Sulculeolarla quadrivalvis 
Blainville. 1834 

Sulculeolaria turgida 
(Gegenbauer. 1854) 

Abylopsis eschscholtzi 
nuxiey. 1859 

Otto. 1823 
Abylopsis t0tmgOM 

Bassia bassensis 
Quoy 6 Gairnard, 1834 

Caratocymba sagittata 

Enneagonum hyallnum 

Hippopodius hippopus 

Quoy 6 Gaimard. 1827 

Quoy 6 Gaimard. 1627 

Forskal. 1778 

32"10'N-32"5OE 
W07"-33'24'E 
32945"-34'49'E 

32"21 'N-34W'E 
W55"4 '34 'E  
35'57"-32"23'E 
34'35"-33"35'E 
35'05'N-3438'E 
W50'N-31e15'E 

32"45'K34"49'E 
35'35'N-35'26'E 
34"47'N-25'10'E 
35'35'N-2lo50'E 
35"57"-22"15'E 
34"35'N-W40'E 
34'1 ON-3C29'E 
35 '57 'N-Pn'E 
34'35'N-3835'E 
35'05"-34'38'E 
3850"-31"l S E  
32"43'N-34'38'€ 
3YlO'N-32'50'E 
35°00'N-350WE 

.. 

. .. 

. .. 
3825'N-30"20'E 
35'05'N-34"38'E 
32" 1 O'N-32"50E 

33OOYN-34'55'E 
3T25"-30"20'E 
31°31'N-34'28'E 
32%"-34'37'E 
3430'N-33"21 'E 
35'1 1 ' N - W l  5'E 
35'57'N-2415'E 
34"35'N-W40'E 
34'10N-34'29'E 
32"448"-34%3'E 
35'57'N-3423'E 
34"35'N-3395'€ 
35"05'N*34'38'E 
33W'N-31'15'E 
3Y43 'N-WWE 
32"10"-32"50'E 
32"07'N-33"24'E 
31 '42'N-WOO'E 
3lo37'N-34'32'E 
35'55'N-W33'E 

. .. 

.. 

. .. 

. .. 
W 2 1  'N-34'48'E 
35'39'K2634'E 
WOS'N-35'00'E 
P23"-34'37'E 
3255"-34'34'E 
35'35'N-35'26'E 
35'05"-3*'05'E 
34'50"-28'55'E 
35'55'U28"37'E 

+ (Hippopodius hippopus) 
Gulf of Elat: 
W30"-34"55'E 

+ 
Gulf of Elat: 
WWN-34'55'E 
W 2 5 ' N - W W E  

+ 
Gulf of Elat: 
W 2 S N 3 C W E  
+ 
Gulf of Elat: 
WWN-34O55'E 
W25"-34'50'E 
+ 

Vogtia glabra Bigelow. 1918 
Vogtia pentacantha 

Kolliker. 1853 
Vogtia spinose 

Keferstein 6 Ehlers. 1881 
Praya cymbilormis 

Chiaje. 1841 
Rosacea p c a t a  

Ouoy 6 Gaimard. 1827 
Amphicaryon acaule 

Chun. 1888 
Amphicaryon ernesti 

Tonon. 1954 
Anthophyse rosea 

Brandt. 1835 
Apolemia waria 

Lesueur. 181 1 
Rhizophysa lililormis 

Forskal. 1775 
Cordagalma cordilormis 

Tonon, 1932 
Athoribya rosacea 

(Forskal. 1775) 
Agalma elegans Sars. 1846 

Ag8lm.9 okeni 
Eschscholtz. 1825 

Gulf of Elat: 'Steph8nOmia bijuga 
W25'N-34"WE (Chiaje. 1841-42) 
+ Stephanomia rubra 

+ 

Vogt. 1852 

Forskal. 1775 

Nanomie csra Agassiz. 1865 
Physophora hydrostatics 

ForSkali8 edwardsi 
Kolliker, 1853 

36'31'N-27'27'E 
32"48"44"53'E 
33'25'N-33"14'E 
3Y01 'N-33'25'E 
34'47"-25"10'E 
W25'K25"15'E 
3T 17"-22"47'E 
35'1 l'N-2T15'E 
35'35'N-2lo50'E 
35'57"-2Y15'E 
34'35'N-W40'E 
34'10'N-34'29'E 
3T50'N-WW'E 
32'20'N-34'51 'E 
3lC37'N-W32'E 
31°42'N-34'28'E 
31°44'N-34'26'E 
32"45"-34'49'E 
34'35'N-33'35'E 
35'05'N-34'38'E 
33'50'N-3lo15'E 
32"43'N94'38'E 
32"10"-32%O'E 
32"07"-33'24'E 
3lC42'N-33'00'E 
35'WN-35°00E 
35'55'N-W33'E . .. .. 

3TlON-3T50'E .. 

38'31 'N-2T27'E 

. .. 
35'55"-28'33'E 

. .. 

. .. 

. .. 

35"57"-22"45'E 
34'35'N-W40'E 
35'50"-31'15'E 
31q42'N-33'00'E . .. 

+ 
%25'N-34'50'E 
+ 
29?5"-34"50E 
+ 
Gulf of Elat: 
WWN-34"55'E 
W25"-34'5OE 
+ 
Gulf .of Elat: 
WWN-34'55'E 
W2SN-34'50'E 
+ 
+ 

+ 

* Previously observed (see Alvarino, 1971; Lakkis, 1971). 
+ Previously observed in the Red Sea (Alvaritlo. 1971 compilation of distributional data) 
"Previously observed in  the western Mediterranean (see Alvarino. 1971). 
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TABU B.-Siphonophoreo of the &OM *cent to the Panama Canal. 

Caribbean Sea Central 
species region American Pacific Species 

Eastern 
Mediterranean Redsea 

Chelophyes contorta 

Dimophyes arclice 
(Chun. 1897) 

Diphyes bojani 

Diphyes dispar 

Diphyopsis milra 

. .. 
1 lo07'N-74'47'W 
1Oo19'N-75'38'W 
W46"-79"20'W 
W37"-79"39'W 
W27'N-79W9W 
14'19"83'09'W 
13'56"-6239'W 
13'38'N-8438'W 
13'1 2"-82"25'W 
1231 'N-81"52'W 
141 l'N-81'38'W 
1 0°04'N-8V22'W 

0027'N=IEPWW 
09"25"-79"57'W 

W M ' N - W Z O W  
W27'N-W47'W 
09"27'N-7938'W 
13'56"-82"59'W 
13'38"-8438'W 
13'1 2'N-82"25'W 
1 4 3  1 "-81 '52'W 
lTll'N-81'38'W 
1 1'27'N-8lC15'W 
10'44'N-8OF45' W 
1 Oo04'N-8V22'W 

. .. 
1Oo19'N-75"38'W 
W 4 6 ' N - W l l  'W 
09'1 3"-84'45'W 
09"28'N-W15'W 
09'39'N-W41 'W 
1231 'N-81'52'W 

1 OC44'N-80nd5'W 
1O004'N-8V22'W 

(Diphyopsis mitra) 
W4l 'K79"31 'W 
08"48"-WW W 
WOON-7V43W 

Muggi@ea atlantica .. 
OP30'N-W54'W 
W46"-84"11'W 
09"13'N-W45'W 
09'28'N-W15'W 
W39'N-85'41'W 
OP12"-79"54'W 
OP02'N-79"57'W 
08"55"-80"50'W 
OP12N-81"'W 
OP18"-8T25'W 
OT27'N-W04'W 
OP3ON-83'54'W 
OP39"-84"46'W 
OP51 'NW49'W 
W W N W 1 7 ' W  
W 0 7 ' N W 5 8 ' W  
O V 2 Y W 5 2 W  
09"51"-85"43'W Muggiaea kochi .. 
.. 
OP3ON-W54'W 
WlON42"13'W 
W l O N g 2 P l S W  
08"l ON-82'1 6'W 
W46N84'11'W 
09"13'N-84"45'W 
09'28'N-W'lSW 
09'39'N-W41 'W 
OP27'N83"04'W 
OP30'N-83'54'W 
OP39'N-W46'W 
07"57'N-85Yg'W 
08'48'N-85"17'W 
09'07'N-W58'W 
09"23'N-84'52'W 

09"38'N-85'44'W 
W48'N-79"30'W 
W W N - 7 9 4 3 ' W  
W4ON-79'59'W 
06"55'N-80"50'W 
0P12'N-8l048'W 
OP27'Ng3"04'W 
OPWN-83'54'W 
O P 3 9 N W 3 6 W  
OP57"-85'49'W 
0@48"-85'17'W 
09'07'N-84°58'W 
09'23'N-84'52'W 
OV39'N-84'44'W 
09"32"-85"1 O'W 
09'51 'N-85'43'W 

OP30'N-79"54'W 
W46"-84'11 'W 
0013'N-84"45'W 
0928'N-85'15'W 
09'39'N-85'41 'W 
WCO'N-79'43'W 

. .. 

Eudoxoides spiralis 

Lensia campanella 
Lensia challengeri 

Totton. 1954 

Lensia conoidea 
Lensia cossack Totton, 1941 

Lensia fowlari 

Lensia hotspur 

Lensia lelouvateau 
Totton. 1941 

Lensia mateori 
Lansia multicrisrata 
Lensia reticulate 

Totton. 1954 
Lensia subtilis 

Sulculeolaria bigelowi 

Sulculeolaria biloba 
(Sears, 1950) 

09"28'NW21 'W 
WM'N-79"ZO'W 
09'27'N-W48'W 

.. 
1 1"07'N-74'47'W 
1V19'N-75'38'W 
09"48'N-702QW 
W37"-79"39'W 
0128'N-79"46'W 
09'27'K79'47'W 
14'1 9'N-83'WW 
14'07'N-WOl 'W 
13'56'N-W59'W 
13'38'N-82"38'W 
10"04'N-W22'W 
0025'N-79"57'W 

09'37'N-W39'W 
09"28'N-W48'W 
1338"-8438'W 
1 4 3 1  'N-81'52'W 
lV04'N-WZZ'W 

1 Oo0404"-80"22'W 

OP12'N-7C54'W 
OP02'KW57'W 
08°40'KW59'W 
W W W W W  
OP18"-82"25'W 
Op30'N-W54'W 
OP39'WW W 
O P 5 7 ' N W l Q W  
WWN-85'57'W 
O V O 7 ' W 5 8 ' W  
09032'KBsolOW 
W5l'N-85'43'W 

W 3 8 ' N - W U ' W  
W41'N-W3i 'W 
OP3ON-7C54'W 
08'1 ON-82"13'W 
0 8 " 1 0 W l S W  
WlON-8Y lB 'W 
0 9 V 3 N W 4 5 ' W  
09Y8'N-W015'W 
W39"-85"41 'W 
08"48"-WWW 
OP12"-79"WW 
OPOZ'KW57'W 
08YISKW50'W 
W07'N-84°58'W 
W23'N-84'52'W 
W W K & ( O U W  
W32"-W010W 
09"51'N-85'43'W 

08"41 'N-W31'W 

OP12"-79"54'W 
OPWN-7957'W 
OP39'N-W48'W 
OP57'N-W49'W 

W40"-79"59'W 
OP30'Ng3'54'W 
O P 3 9 ' W 4 6 ' W  
OP57'N-W4Q W .. 
06"55"-80"50'W 

. .. 
10'04'N-8Oe22'W 

Or51 'N-85'43'W 
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Tmm 2.4ontinued.  

Species 
Eastern 

Mediterranean Red Sea Species 
Eastern 

Mediterranean Red Sea 

Sulculeolaria chuni 

Sulculeolaria monoica 

Sulculeolaria guadrivalvis 
Chon. 1888 

Sulculeolaria turgida 

Abyla carina Haeckel. 1888 
Aby/a haeckeli 

Lens h Riemsdijk. 1908 
Aby/a Schmidt Sears. 1953 

Abylopsis eschscholtzi 

Abylopsis tetragona 

Bassia bassensis 

Ceratocymba dentata 
Bigelow. 1918 

1'2-31 "-81 "52'W 
1 l027'N-81'15'W 
10"44'N-W45'W 

. .. 
1291'N-8l052'W .. 
. .. 
10'46'N-79WW 
14°19'N-8FU9'W 
14'07'N-83'01 'W 
13'1 2"-82"25'W 
1231"41'52'W 
1 Oa44'N-W45'W 
10'M'N-W22'W 
W25"-7057'W. 

. (I. 
11"07'N-74'47'W 
10°t9'N-75"38'W 
OV37'N-7939'W 
W25"-7057'W 

08"00'N-79'13'W 
OP30'N-WWW 
OP57'N-85"49'W 
0 0 2 3 N W 5 2 W  

07'30'Ng3'54'W 

08 '46 'NWl l 'W 
W28'Ng5'15'W 
08"4B'N-85"17'W 
0007'N-84'58'W 
O(P23"-84'52'W 

0800'N-7043'W 
Op30'N;B3'54'W 
OP57'Ng5'49'W 
W 2 3 ' N W 5 2 W  

. .. 
W 5 1  'N-85"43'W 

0051 'N-85"43'W 

OP30"-79"54'W 
W 4 6 " W l l ' W  
09*28'Ng5'15'W 
0999N-83WW 
OP12"-9P54'W 
OP02'N-W57'W 
08'40'N-79'59'W 
W55'NB(P50W 
OP18"4275'W 
OP27'N-83"04'W 
0730"-83'54'W 
OP39"-84'46'W 
OP57'N-W49'W 
08'48'Ng5"17'W 
09%7'N-84"58'W 
09'51 'N -WU'W 

W S ' N W 4 4 ' W  
OP02"-7057'W 
07'57'NB5"49'W 
0051'N-W43'W 

OP02'N-7057'W 
OP57'N-85"49'W 
09"23"-84"52'W 
09'51 'N-85W'W 

0730'N-83'54'W 

. .. 

. .. 

. .. 

(Ceratocymba dentata) 

Ceratocymba leuckarti 

Ceratocymba sagittata 
Enneagonum hyalinum 

Huxley, 1859 

Hippopodius hippopus 

Vogtia glabre 
Vogtia pentacantha 
Vogtia spinosa 
Rosacea plicata 
Nectopyramis natans 

Bigelow. 1911 
Amphicaryon acaule 

Amphicaryon ernesti 
Rhizophysa filiformis 
Athoribya rosacea 
Agalma elegans 
Agalma okeni 

Stephanomia bijuga 

Stephanomia rubra 
Physophora hydrostatica 

Melophysa melo 
Quoy 8 Gaimard. 1827 

.. 

. .. 
t0"O4'N-8O022'W 

13"12'N-W25'W 

. .. 
OP16'N-82"25'W 
08"46'N-84"11 'W 
0739'N-84"46'W 
07"57'N-W49'W 
W07'N-W58'W 
OV23'NW52'W 
W32'N-85"10'W 

OP30'N-79"54'W 
OP12'N-7054'W 
OP02N-7057'W 
08'42N-7C59'W 
OPlB'N-8'2-25'W 
OP57"-85'49'W 
W48'Ng5'17'W 
W07"-84"58'W 
W23"-84'52'W 
OQYi2N-85"t O'W 
W 5 1  'N-85'43'W 

.. 

.. 

0931 'Ng5'43'W 

OP27'N-83'04'W 

. .. 
08"55'N-80"50 W 
OP12N-8t048'W 
OP39'N-84%6'W 
W 0 7 ' N - W W W  
W32'N-85"1 O'W 
OF51 'N-85'43'W 

0992'N%5"1 O'W 
09"51 'N-85"43'W .. 
OP57'N-85'49'W 

'Previously obsecved. 
"Previously observed in adjacent regions of the Caribbean Sea andlor the Gulf Of Mexico. end adjacent regions of the Pacific Ocean (see 
Alvarino. 1971 compilation of distributional data). 

Species present a t  few locations in the surveyed 
region of the Caribbean and Pacific were, L.  hot- 
spur,  Abyla  haeckeli, and A .  acaule.  Lensia 
hotspur and A .  acaule were onIy found at  one 
location to the north off the entrance of the 
Panama Canal in  the Caribbean, and west 
of the Peninsula de Nicoya in the Pacific (Fig- 
ures 15, 18). Abyla hueckeli was observed once 
off Costa de Mosquitos, Caribbean Sea, and at 
one location off Punta Guiones in the Pacific 
(Figure 17). 

Species present once or a t  few locations in 
the Pacific region were, L.  cossack, S. monoica, 
Abyla schmidti, C .  dentata, Melophysa melo, 
A .  rosacea, and Stephanomia bijuga (Figures 

Lensia subtilis and L. fowleri were found only 
once each, respectively at  few miles north of the 
entrance to the Panama Canal, and off Huani 
in the Caribbean (Figures 11, 15). 

The information presented here should be 
considered only as a basis for future and more 

15-19). 
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detailed sets of investigations to enlighten further 
the distribution and the characteristics of the 
populations of siphonophores, their fluctuations in 
time and locations, concurrently with the hydro- 
graphic, ecological characteristics and other 
variants. 

The author regrets that the pertinent hydro- 
graphic data obtained concurrently with the 
zooplankton collections were not available in time 
to be included in the discussion of results. 
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